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BIOLOGICAL BULLETIN 


CRITICAL NOTES ON THE PRESENT STATUS OF 
THE LENS-—PROBLEM. 


E. I. WERBER. 


1. INTRODUCTION. 


The present communication is an attempt to arrive at a com- 
mon understanding of the nature of the difficulties that stand in 
the way of the solution of a problem to which for over a quarter 
of a century have been devoted the best efforts of a number of 
biological observers. 

One phase of this problem, although at one time rather near 
solution, has since, owing to—apparently unavoidable—tech- 
nical difficulties of the experimental method, become ever more 
complex. In the following it is my intention to show that this 
complexity is an artificial one and that it practically disappears 
on careful sifting of evidence. Owing to this seeming com- 
plexity, however, an originally correct interpretation has lately 
been giving way to one that not only is unwarranted, but has 
already occasioned even some very improbable and fruitless 
phylogenetic speculations (cf. for instance Becher, ’12). 

Anticipating to return to the subject of this communication 
in a more comprehensive publication in the near future I hope I 
may be pardoned for incompleteness in considering the pertinent 
literature at the present time. Only such contributions can here 
be considered, as from my point of view seem to have the most 
significant bearing on the problem. 


2. THE ORIGIN OF THE PRIMARY LENS—IN ONTOGENY. 


As well known Spemann (’o1, ’03) was the first to furnish 
experimental evidence for the correctness of the opinion—ad- 
vanced simultaneously also by Herbst (’o1)—that the lens of 
the vertebrate eye is dependent in its origin and differentiation 
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upon the contact of the optic vesicle with the supra-ocular 
epidermis from which it arises. It will be recalled also that this 
view was contested by Mencl (’03, ’08), King (’05) and Stockard 
(10) and that Spemann himself has in later papers ('08, '12) 
modified his opinion and abandoned his generalizations. He now 
thinks that more extended experiments in which various methods 
were employed on several frog species prove that in some species 
the lens cannot develop if the optic vesicle fails to come into con- 
tact with the overlying epidermis while in one species the epi- 
dermis is capable of giving rise to lentiform bodies and even well- 
differentiated, unmistakable lenses without such contact. 

Such conditions would, indeed, be so contrary to expectation 
that it well behooves us to inquire into the validity of Spemann’s 
self-contesting evidence as well, as of the evidence brought forth 
by Mencl, King and Stockard for the independent development 
of the lens. 

I have already (Werber '16c) pointed out some possible sources 
of error which would invalidate the conclusions of these authors 
and on re-reading the entire series of Spemann’s interesting 
papers on the subject I have been struck by the complete absence 
of any real counter-evidence against the conclusions of his earlier 
(’o1, ’03) excellent work. 

Spemann’s first experiments were performed on Rana fusca 
and consisted in destroying, by pricking with a heated needle or 
the galvanocauter, the right (presumable) optic pit (foveola 
optica).!. As a result he found that no lens was formed, if the 
entire optic pit had been destroyed or, if deeply buried remnants 
of the latter which developed into diminutive optic cups failed 


to reach the epidermis. If, however, such a rudimentary optic 


cup did come into contact with the epidermis, a lens developed 
secondarily from the latter. 

I am inclined to think that these results practically solved the 
problem, and for this reason it may perhaps be regarded as un- 
fortunate that Spemann’s well-warranted generalizations have 
been the subject of ill-founded criticism by Mencl (’03). For 
while the latter was very aptly met by Spemann (03), it ap- 


1 For a description of this earliest discernible eye primordium cf. Eycleshymer 
(‘93 and '9s5) and Froriep (06). 
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parently occasioned him to enter upon a great many experiments 
on the subject which, though beautifully conceived and skillfully 
executed, have, owing to the pitfalls of a treacherous material, 
yielded fallacious results. 

The first experiments which have occasioned Spemann (’07) 
to modify his views were performed on Rana esculenta. They 
consisted in the excision of the “right anterior half of the brain 
primordium” from the wide open medullary plate.' As a result 
he observed that a lens has developed in spite of the absence of an 
eye on the side operated upon. Like results were obtained also 
when the optic pit was destroyed at the same stage of develop- 
ment with a heated needle. The results were apparently entirely 
independent of the method of operation. In both cases, however, 
they differed from those obtained in Rana fusca, in which, as we 
have seen, no lens was formed when the optic anlage was at this 
stage destroyed by pricking with a heated needle, while the 
excision experiment in this species, according to Spemann ('07) 
“ergab ein sehr unsicheres Resultat.’’ In one out of four ex- 
amined embryos Spemann (’12) observed ‘‘ein kleines Blaschen, 
welches eine Linsenanlage sein kénnte.”’ 

Why such divergent results in experiments on two species of 
the same frog genus with the same methods and at the same stage 
of development? Spemann concludes from his experiments on 
Rana esculenta that in this species the ‘‘lens-forming cells’’ of the 
embryonic epidermis are capable of independent development in 
the absence of an optic vesicle, while Rana fusca lacks this ability 
for self-differentiation. 

The same experiments on Bombinator pachypus (at the same 
stage of development) gave less definite results. While no lens 
developed in this species on the side operated upon, Spemann 
observed in some few instances structures which he could not 
with certainty identify. Experiments on embryos of the same 
species at a later stage of development, 7. e., removal of the optic 


vesicle, the overlying epidermis being previously raised up and 
reflected from it, gave also ill-pronounced results. In a number 


1 In my 1916c paper several, otherwise wholly insignificant, errors have unfor- 
tunately crept in into the references made to these excision experiments in Rana 
esculenta and to King’s pricking experiments. In both cases it should read 
“optic pit” or “ optic anlage ’’ instead of “‘ optic vesicle.” 
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of instances Spemann observed in such embryos on the side 
operated upon a thickening of the epidermis in the region where 
a lens normally should have developed, which he is inclined to 
consider as an abortive attempt at lens-forination. From these 
experiments Spemann tentatively concludes that Bombinator in 
regard to the power of independent lens-formation occupies a 
sort of intermediate position between Rana fusca which lacks 
this ability and Rana esculenta which, according to him, possesses 
it in a decidedly marked degree. 

Are these conclusions justified? I am strongly inclined to 
think that they are not, the results on which they are based 
being very inconclusive. Moreover, on careful examination of 
the excision experiments in Rana esculenta the impression is 
gained that some fragments of optic substance were left after the 
excision of the anterior half of the primordium of the brain hemi- 
sphere. Thus, for instance, in his 1912 paper in Fig. 6 the smaller 
one of the two observed lentoids is in close apposition to a “‘ gang- 
lion.”” May not this ganglion rather be a small group of retinal 
cells? In Figs. 8 and 9 small groups of tapetum nigrum cells 
may be observed, and Spemann (p. 22) admits “‘dass vom Augen- 


becher vielleicht kleine Reste vorhanden seien.”’ In Fig. 8 the 


tapetum-cells are very close to the lentoid, while Fig. 7 also sug- 
gests that dispersed tapetum nigrum was responsible for the 
origin of its “‘Linsenblaschen.’’ Instead of concluding, as does 
Spemann, that the lentoids of Figs. 6 and 9 are due to dispersion 
of ‘‘lens-forming cells’’ it might perhaps be safer to think that in 
these experiments fragments of potential optic-cup substance 
were dispersed and stimulated the differentiation of lentoids by 
chancing to come into contact with the epidermis. 

Again, in Fig. 10 representing a cross-section through an em- 
bryo in which the anterior part of the anlage of the right brain 
hemisphere has been destroyed by a heated needle, the lentoid 
observed is in close proximity to a rudimentary optic cup (oc’, 
Fig. 10), which clearly demonstrates the fact that the attempted 
elimination of the anterior part of the brain primordium may 
often be illusory, fragments of optic-pit substance remaining 
after the operation. According to Spemann ('12, pp. 24 and 25) 
it is easier to eliminate the entire optic anlage in Rana fusca than 
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in R. esculenta. He attributes this to a difference in the “ Kon- 
sistenz’’ between the embryos of the two species. ‘“‘So ist wohl 
das Resultat zu erklaren, dass der Defekt bei den allerdings 
nicht sehr zahlreichen Versuchen dieser Art meist entweder zu 
gross wurde, im ersteren Fall also vom rechten Auge ein Rest 
erhalten blieb, im letzteren die Linsenanlage mit zerstért wurde.” 

In my estimation the divergent results obtained both by prick- 
ing with a heated needle and by excision in both species would 
rather seem to point to differences in the location of the optic 
pits in the neurulae of the two species at the same stage of de- 
velopment. Thus, in Rana esculenta they are probably more 
diffuse and extend more laterally than they are in R. fusca. 
Accordingly, if at this stage the excision of the anterior half of 
the brain primordium be attempted, it may happen that a small 
fragment of the optic pit may remain, as in this species it may 
extend even laterally from the medullary fold. Granting, how- 
ever, that fragments of potential optic-cup substance do some- 
times remain after the operation in this species—and Spemann 
admits that both in text and in the figures—it is no longer difficult 
to understand that in such embryos lentoid structures and even 
well-differentiated lenses may be formed on the eyeless side owing 
to the ‘‘lentogenic stimulus’ from the remnant of optic substance 
on the epidermis. 

Spemann does not seem to have considered the results obtained 
from these operations as very conclusive, if as much.can remain 
of the brain anlage after its attempted elimination as ‘‘ein 
Fragment des Tapetum nigrum,” ‘der vorderste Teil der Vor- 
derhirnanlage, . . . ein dorsales Stiickchen Zwischenhirn mit 
Epiphyse und Plexus chorioideus, jedenfalls entstanden aus 
lateralen Partien der Medullarplatte, endlich ein Stiickchen der 
linken Halfte des Mittelhirns” ("12 p. 28). For, not content 
with these results he sought confirmation in experiments in which 
several other methods were employed. 

Thus, adopting Lewis’s (’04) method, he removed (by excision) 
in R. esculenta the optic vesicle after having previously raised up 
and reflected the overlying epidermis. The latter was then 
affixed in its place where it healed and in two embryos gave rise 


1 Cf. Werber "16c. 
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to “‘ein deutliches Linsenblaschen”’ in the absence of the optic 
cup. Spemann considers these lens-buds as evidence of the 
ability for independent lens formation in R. esculenta. 

The validity of this conclusion, however, seems questionable 
to me in view of a well-nigh uncontrollable source of error which 
Spemann himself has pointed out (’12, p. 42). For he states 
expressly that the lower stratum of the epidermis (the “‘Sin- 
nesschicht’’) adheres so firmly to the eye vesicle that on attemp- 
ting to separate the epidermis from the latter usually the upper 
layer (the ‘‘Deckschicht”’) is raised up, while the lower one re- 
mains attached to the optic vesicle. Regardless of Spemann’s 
skill in such delicate operations and the precautions he has taken 
to separate the entire epidermis from the optic vesicle it was 
apparently impossible always to avoid minute fragments of the 
latter remaining attached to it. And the two cases in which he 
obtained ‘‘independent’’ lens-buds have possibly resulted from 
just-such an unsuccessful operation, while in the embryos in 
which no such structures were recorded on the side operated 
upon the operation was apparently faultless. 

Spemann assumes that in his unsuccessful experiments of this 
series, 7. e., where no ‘‘independent lenses’’ were recorded, the 
“‘lens-forming cells”’ of the lower stratum of the epidermis were 
removed with the optic vesicle to which they remained attached. 
I can see no valid reason for the assumption of cells predetermined 


to form lenses. The often-raised argument of the cyclopean eye 


in which the lens is formed from epidermis that normally does 
not develop into this structure, and Lewis’s (’04, ’07a and b) 
experiments in which the formation of lenses from strange ecto- 
derm and even from ectoderm of another species was demon- 
strated to be possible—an experiment successfully repeated by 
Spemann himself by transplanting the bared optic vesicle of 
Rana esculenta under the ventro-abdominal epidermis of Bom- 
binator—speak very decidedly against this assumption." 
Moreover, why should just the species Rana esculenta form 
such a strange exception as to possess such so early specialized 
1 Mencl (’08, Fig. 3) described an “intracerebral eye’’ (intracerebral cyclopia) 
whose lens is derived from the epithelium of the mouth. The ability of this part 


of the ectoderm to give the “lentogenic reaction” is demonstrated also by the 
lentoids of the mouth which I have recorded (Werber '16c). 
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regions of the epidermis? I am under the impression that the 
apparent fallacy of Spemann’s conclusions from this series of 
experiments is most likely due to the circumstance that while he 
detected an important source of error, he unfortunately, mistook 
the nature of the error. For had he considered the possibility 
that fragments of the optic vesicle too small to be detected with 
the binocular dissecting microscope and ever so minute as not 
‘ to be able to differentiate into histologically discernible struc- 
tures, may suffice to induce the lentogenic reaction in the epider- 
mis to which they remained attached, he would probably have 
considered the “unsuccessful’’ experiments of this series as suc- 
cessful and vice versa. Accordingly, instead of believing that in 
the two “successful’’ cases the ‘‘lens-forming cells’’ had not 
(or not entirely) been removed, he might have concluded that 
owing to the above-mentioned difficulty some remnants of optic 
substance have stimulated the development of the lens-buds 
demonstrated in Figs. 37, 38 and 38a. 

The results of other experiments performed by Spemann (’12) 
which may now be examined would also seem to lend support to 
his former views rather than to his present ones. One of these 
experiments consisted in transplanting abdominal epidermis 
over the bared optic vesicle in Rana esculenta. The flap of 
epidermis used for the purpose was previous to its transplan- 
tation “‘von etwa anhaftenden Mesodermzellen sorgfaltig gerei- 
nigt.”” The result was negative—no lenses or lens-like structures 
were formed by the strange epidermis owing, as Spemann thinks, 
to the circumstance that the ‘‘primaren Linsenbildungszellen”’ 
were contained in the flap of supra-ocular epidermis which had 
been removed. However, four cases were recorded in which the 
epidermis transplanted over the eye presented an appearance 
different from that of the epidermis of the immediate surround- 
ings. And in Fig. 63 there is “eine deutliche Linsenanlage (L) 
vorhanden, ein kleines, dickwandiges Epithelblaschen, welches 
mit der transplantierten Rumpfhaut iiber dem Auge innig 
verbunden ist.” (’I2, p. 55). Spemann mentions also another 
embryo of this series in which he observed an indication of lens- 
formation on the side operated upon (Fig. 58), but assumes that 
in both cases “ primare Linsenbildungszellen”’ remained attached 
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to the optic vesicle owing to faulty technique in the removal of 
the supra-ocular epidermis. 

Might we not with at least just as much justification assume 
that in the embryos in which no lenses were formed from the 
transplanted epidermis this was due to lack of immediate contact 
between the optic vesicle and the epidermis, because mesodermal 
cells were attached to the latter? For, regardless of the most 
painstaking care I think it is impossible to be sure that the 
epidermis has been cleaned of these cells entirely with the aid of 
such low magnifications as even the highest power lenses of the 
binocular dissecting microscope. It is, besides, difficult to under- 
stand why the optic vesicle of this species should be able to induce 
lens-formation from ventro-abdominal epidermis of Bombinator 
and not from the abdominal epidermis of an embryo of its own 
species. 

Whatever one might think of the results of these experiments, 
they certainly cannot be regarded as conclusive in favor of Spe- 
mann’s present views. 

Two more series of experiments on Rana esculenta may now be 
considered the results of which Spemann interprets in favor of the 
independent development of the lens in this species. The method 
employed in these experiments was autoplastic transplantation 
and the part transplanted was the “primaren Linsenbildungs- 
zellen.” 

In the first (a) series a more or less rectangular piece of supra- 
ocular epidermis was detached during or immediately after the 
closure of the medullary tube and turned about 180°, care being 
taken that no fragments of the optic vesicle be left on it. In the 
second (b) series the operation differed only in one point, viz., 
that in detaching the supra-ocular epidermis a fragment of the 
optic vesicle remained attached to it and owing to the inversion 
of the piece of epidermis (by turning it about 180°), it became 
transplanted into a posterior region (otic capsule). 

In the experiments of the first (a) series great technical diffi- 
culty was encountered and only in four cases was the separation 
of the epidermis from the optic vesicle “‘anscheined einwands- 
frei.” In three of these cases the eye of the operated side had 


“eine deutliche Linse,” while in the fourth case where, owing to 
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the operation, the otic labyrinth came to lie between the epider- 
mis and the eye, the latter lacked a lens. No lens, however, 
developed in any of these embryos caudally from the eye, as 
might have been expected, had that part of the epidermis (“ pri- 
mare Linsenbildungszellen”) been capable of giving rise to a 
lens by self-differentiation. 

These cases (although so few in number) point decidedly, I 
think, to the inability of supra-ocular epidermis in R. esculenta 
to differentiate a lens in the absence of a stimulus from the eye 
vesicle. Spemann, however, prefers the tentative explanation 
“dass nach Auslésung einer Linsenbildung durch’s Auge die 
spontane Entwicklung einer zweiten Linse aus den primiaren 
Linsenbildungzsellen unterbleibt.’’ He is inclined to consider 
even the possibility ‘‘dass bei diesen Experimenten die Lin- 
‘senbildungszellen nicht weit genug nach hinten gebracht worden 
waren und dass entweder sie selbst oder ihre nachste Umgebung 
die Linse des stehengebliebenen Auges geliefert haben.” As 
support for the latter possibility he regards the observation, 
‘dass die Linse in allen 3 Fallen im hintersten Winkel des etwas 
deformierten Augenbechers liegt und einmal sogar etwas in die 
Lange gezogen ist’’ (’12, p. 64). Is it not more probable that 
this distorted relation between the lens and the optic cup is due 
to the very fact that the latter was deformed owing to the opera- 
tion? From my observations on many teratophthalmic Fundu- 
lus embryos I know that this is very often the case in deformed 
eyes. 

One cannot escape the impression that Spemann by con- 
sidering such possibilities and by regarding ‘‘diese Versuche . . . 
als misslungen und die Frage als unentschieden’”’ has—apparently 
unconsciously—missed the only obvious conclusion, viz., that 
Rana esculenta possesses no early predetermined lens-forming cells 
and that a stimulus from an optic cup or from some of its parts is 
necessary to induce the differentiation of a lens from the epidermis 
in embryos of this species as much as in Rana fusca. 

Let us now consider the second (b) series of these experiments 
in which, as will be recalled, a fragment (the tip, “‘Kuppe’’) of 
the optic vesicle was left attached to the inverted epidermis. 


Observations were made on seven embryos operated upon in 
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this manner. In all of them the anterior eye fragment lacks the 
lens, while the posterior one in five embryos stimulated the for- 
mation of a lens which “kann so vollkommen entwickelt sein 
wie die normale”’ (p. 67). In one of these embryos the posterior 
eye fragment possesses even two lenses which Spemann is in- 
clined to regard as being due to mechanical separation of the 
‘“‘Linsenmaterial’’ into two parts, although it would seem more 
probable that the duplication of the lens in this case may (owing 
to the operation) be due to mechanical histolysis of the eye frag- 
ment which thus came into contact with the overlying epidermis 
in two places. 

From these observations Spemann (p. 67) concludes that “die 
weitgehende Determination der primaren Linsenbildungszellen 
von Rana esculenta, welche sie zu selbststandiger Entwicklung 
befahigt, bringt es wohl mit sich, dass die iibrigen Epithelzellen, 
auch die der nachsten Umgebung, nicht mehr imstande sind, 
auf einen Reiz des Augenbechers mit Linsenbildung zu ant- 
worten.” 

These conclusions cannot be considered as warrantable. 
Moreover, the results permit of an interpretation which, I believe, 
is founded upon a much greater probability. It must be re- 
membered that at the stage of development at which the opera- 
tions were performed, it is only the tip (“die Kuppe’’) of the 
eye vesicle that is protruding from the head. If that protruding 
part be removed, the epidermis transplanted over the resulting 
gap may, owing to the latter, fail to come into contact with the 
deeper part of the eye even on subsequent growth of the latter 
owing to the obstruction formed by mesenchyme cells which may 
grow into the gap before such contact can be effected. Spe- 
mann’s Fig. 67) very forcibly suggests just this possibility, On 
examining the anterior eye fragment of this figure one can observe 
that it is not in contact with the epidermis. More significant, 
however, is the observation in its lumen of a blood vessel and of 
some mesenchyme cells which also fill the space between it and 
the epidermis. 

Our interpretation of these apparently vexing cases receives 
further support from the very fact that in the (a) series of these 
experiments where the “Kuppe”’ of the optic vesicle had not 
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been removed, the latter was able to stimulate the formation of 
lenses, because there being no gap between it and the epidermis 
transplanted over it, there was no chance for an obstruction of 
its contact with the latter by ingrowing mesenchyme. It is, 
besides, needless to say that it is difficult to understand just why 
Spemann in the experiments in which the epidermis was trans- 
planted over a defective eye vesicle assumes a sharp predeter- 
mination to form lenses and not so, if transplanted over an unin- 
jured eye vesicle. 

Summarizing briefly we find that critical sifting of the results of 
Spemann’s experiments on Rana esculenta discloses no warrantable 
evidence whatsoever for the presence in this frog species of an early 
predetermined lens-forming part of the epidermis capable of dif- 
ferentiation into a lens without the stimulus from an optic vesicle 
or at least a fragment of it. 

Practically all of these experiments were performed by Spe- 
mann also on Bombinator pachypus. The results obtained in this 
species differed according to Spemann (’07, ’12 ff) from those 
obtained in the pricking experiments in Rana fusca and also from 
the above-noted results in Rana esculenta. They indicate, 
Spemann believes, that Bombinator in regard to the ability to 
form a lens by self-differentiation occupies a position intermediate 
between Rana fusca and Rana esculenta. 

It is evident, I believe, that were this really so, i. e., if the 
supra-ocular epidermis of Bombinator possessed a certain degree 
of this ability and only needed the stimulus from the optic vesicle 
as a complementary aid for the differentiation of a lens, a serious 
stumbling block would here confront every attempt at the solu- 
tion of the lens-problem. 

Fortunately, however, Spemann’s observations seem to call 
for an entirely different interpretation of the results. 

Thus in the excision experiment (right foveola optica) the 
latter prove very decidedly, I believe, that no lens can be formed 
in the absence of an optic anlage or on its failure to come tinto 
contact with the overlying epidermis. For, out of the forty-six 
embryos operated upon in twenty of them in which an optic 
fragment remained (owing to incomplete excision), a lens de- 
veloped on the side of operation. Of the remaining twenty-six 
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cases one is uncertain, for here a structure was observed which 
might perhaps be a deformed lens-bud, in twenty cases neither 
an optic cup nor a lens can be observed, while in five cases the 
optic cup is so small that there was no contact with the epidermis. 
According to Spemann, however, in two of the latter cases the 
condition is not clear, one of the embryos possessing (on the side 
of excision) near the brain ‘ein dickwandiges Blaschen mit 
kleinem Lumen,” which Spemann is unable to identify, while in 
the other case the region of epidermis which should have fur- 
nished the lens, is ‘‘kaum merklich verdickt.”’ 

The only warranted conclusion from these results is: The contact 
of at least a fragment of the optic anlage is necessary to induce the 
formation of a lens from the overlying epidermis. It is unwarranted 
however, to conclude, as does Spemann (12, p. 38), “. . . dass 
Bombinator pachypus zwar auch primare Linsenbildungszellen 
besitzt, welche von den Epidermiszellen der Umgebung ver- 
schieden und zur Umbildung in die Linse vorbereitet sind, dass 
diese Zellen aber der Mitwirkung des Augenbechers bediirfen, 
um in Aktion zu treten, zum mindesten in viel héherem Masse 
als die Linsenbildungszellen von R. esculenta.” 

The results of other experiments in this species also point 
decidedly to the incorrectness of Spemann’s conclusions. Thus 


the removal of the optic vesicle during or immediately after the 
closure of the medullary folds resulted only in a thickening 
(“Wucherung’’) of the epithelium in the region where normally 
the lens should have arisen. In two cases, however, small rem- 


nants of the optic vesicle developed into diminutive optic cups 
lacking a lens, because mesenchyme had grown in between them 
and the epidermis. Lentoid structures (two) were observed only 
in one case (Figs. 41a and b, L’), which are probably due to a 
stimulus from very minute remnants of the optic vesicle. 

These experimenis would again seem to prove only that, as 
Lewis (’04, ’07a and b) and Le Cron (’07) have found, a stimulus 
from the optic vesicle on the epidermis of sufficient duration is neces- 
sary for the latter to give risetoalens. They do not prove, however, 
the presence in this species of early predetermined lens-forming 
cells requiring the stimulus from an optic vesicle only as a supple- 
ment for full differentiation into a lens. 
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On transplanting ventro-abdominal epidermis over the bared 
optic vesicle in this species Spemann recorded as a result that in 
none of the sixteen examined embryos a lens developed from the 
strange epidermis. From these results he concludes that either 
the optic vesicle cannot stimulate abdominal epidermis to the 
formation of a lens or that this part of the epidermis is incapable 
of responding to such a stimulus. 

Here again, however, the same objection is unavoidable which 
we have raised against the conclusion from the results of the same 
experiments in Rana esculenta, namely that regardless of the 
experimenter’s care mesenchyme cells attached to the trans- 
planted epidermis obstructed a contact of the latter with the 
optic vesicle." 

Very clear (‘‘eindeutig’’) results were obtained in the experi- 
ments in which, as in Rana esculenta, a flap of the skin of the 
head including the supra-ocular epidermis was turned about 
180°. In the first (a) series in four out of eight ‘‘einwandsfreie”’ 
cases the eye cup was not in contact with the epidermis and, 
naturally, lacked a lens. In the other four cases there was such 
contact—and the eye possessed a lens. 

Accordingly: There are no lens-forming cells, but epidermis that 
normally does not give rise to a lens will differentiate into a lens, if 
brought into contact with the optic vesicle. 

The second (b) series of these experiments (a fragment, the 
“Kuppe,’”’ of the optic vesicle transplanted with the turned 
epidermis) yielded results very similar to those of the corres- 
ponding experiments in Rana esculenta. 


With but one exception the posterior eye fragment always 
obtained a lens, which, as Spemann rightly adds, could not have 
developed in the absence of this fragment of optic-cup substance. 

The anterior eye fragment, however, obtained no lens in fifteen 
out of the twenty examined embryos, while a lens or only a 
thickening of the epidermis opposite the eye fragment was ob- 


1 It is significant that in one out of the four cases in which he reports to have 
observed a ‘‘Wucherung"’ opposite the eye ‘‘eine zusammenhangende Schicht sehr 
dotterreicher Zellen’’ (p. 60) was conspicuous in that interspace. That shows that 
it is apparently futile to attempt to clean the abdominal epidermis of all mesenchyme 
cells. While it is difficult to know just how to interpret these ‘‘Wucherungen,”’ 
they might possibly be due to mechanical distortion during the operation. 





E. I. WERBER. 


served in five cases. In thirteen of the embryos which had no 
anterior lens Spemann accounts for its lack by the ingrowth of 
mesenchyme into the space between the optic-vesicle fragment 
and the epidermis, widened by the expansive growth of the otic 


capsule which, owing to the transplantation came to occupy this 


anterior position. He is unable, however, to suggest an expla- 
nation for the lack of this lens in two cases, ‘‘wo kein Grund fiir 
ihr Ausbleiben zu erkennen ist’’ (p. 73). 

From these experiments Spemann ('12, p. 77) concludes that 
the optic vesicle of Bombinator is capable of exerting a specific 
stimulus not only on the lens-forming cells, but also on other 
parts of the head epidermis. 

This conclusion is, I think, only partly correct, the assumption 
of ‘ primare Linsenbildungszellen” being both unwarranted and 
unnecessary. For leaving out of consideration the two cases 
(which I should not wish to pre-judge), where no anterior lens 
was formed while it should have been expected, we can conclude 
only that its presence in the several other cases was due to the 
specific stimulus from the anterior eye fragment. 

Briefly, the results of this series of experiments also contradict 
Spemann’s opinion of the intermediate position of Bombinator 
between Rana fusca and R. esculenta with regard to the ability 
of independent differentiation of the lens. 

In all of Spemann’s work |.find only a confirmation of his initial 
results and strong support for the generalizations which he made in 
rgo0r and 1903, but no counter-evidence whatsoever that would 
justify his present (’12) opinion. 

Other evidence for the independent development of the lens 
brought forth by Mencl (03, ’08), King (’05) and Stockard (’10) 
is no less illusory. 

Mencl ('03) described the head of an anophthalmic component 
of an anadidymus in Salmo salar which possessed two laterally 
‘ocated lenses although there could be observed ‘“‘keine Spuren 
von Augenblasen, ja nicht einmal von Anlagen derselben.”’ 
Both of these lenses were in close apposition to the deformed 
brain, the larger one even having, owing to its growth, formed a 
pit in the latter by pressure. Both ‘enses, however, were so 
situated that their derivation from lateral parts of the head 
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epidermis was beyond doubt. What is responsible for the origin 
of these lenses? Mencl suggested (p. 337) that “der, diese 
zwecklose, wie durch Erinnerung der Epidermiszellen auftauch- 
ende Linsenbildung auslésende Faktor ist die Vererbung.”’ 

A much more reasonable and, I think, the only correct, inter- 
pretation of this case was offered by Spemann (’03) who con- 
cluded (p. 464) that the optic vesicles ‘‘oder genauer ihr fiir die 
Linsenbildung allein in Betracht kommender retinaler Teil nur 
scheinbar fehlen, indem die Partie der Hirhwand, welcher die 
Linsen angelagert sind, nichts anderes ist, als die nicht abgeg- 
liederte . . . Retina.” 

Although this interpretation was later abandoned by Spemann 
‘“‘unter dem Druck neuer Tatsachen”’ (’12, p. 3), my experience 
with teratological material—and Mencl’s case is a teratological 
one—forces me to lend it unreserved support. 

For the sake of clearness in presenting my point of view (based 
largely on teratological data) the following brief recapitulation 
of the present stage of our knowledge on the morphogenesis of 
monsters may be permitted. 

It was repeatedly noted by pathologists and teratologists and 
notably also by Mall (’09) that examination of malformed em- 
bryos often discloses evidence of destruction, dissociation and 
shifting of tissues or parts of the embryo. On examination of a 
great many experimentally produced monsters in Fundulus 
heteroclitus 1 (’16a and b) was able not only to confirm these 
observations, but also to demonstrate some remarkably striking 
cases of the effects of such dissociation of parts of the early em- 
bryonic primordium and to account for the causes of this process 
which I have termed blastolysis. This “blastolytic action of the 
chemically modified environment is . . . a morphogenetic prin- 
ciple common to all terata. . . . Blastolysis either destroys part 
or all of the germ’s substance, or it may split off and disperse 
parts of the latter’’ (Werber ’16d, p. 569). 

It is this destruction of tissues, the subsequent elimination of 
parts destroyed and the resulting dissociation and shifting of 
parts surviving that in experiments in which eggs are subjected 
to a chemical modification of the environment, brings about the 
weirdest malformations of the developing embryos. 
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All of these deformities are thus clearly due to a defect (or defects) 
of a blastolytic nature. Not only is this the case in experiments in 
which the modification of the environment employed is a chemical 
one, but also, if a physical, e. g., thermic, modification be em- 
ployed. For, in experiments (not yet published), in which the 
eggs of Fundulus heteroclitus were subjected to the action of a 
temperature much below the normal, some terata and partic- 
ularly ophthalmic monsters resulted. The latter are due to loss 
at an early embryonic stage of parts of ophthalmoblastic material 
and to like damage sustained by the anterior part of the potential 
head. Thus anophthalmia results from such loss by the earliest 
brain primordium of the whole or nearly whole ophthalmoblastic 
material. 

In some anophthalmic embryos such blastolytic optic-cup.frag- 
ments or even small, fairly well differentiated optic-cups may on 
microscopic examination of sections be observed either enclosed in 
the brain between both hemispheres (intracerebral cyclopia, as it 
were, cf. Mencl ’08, Figs. 2 and 3) or in a lateral position as a part 


of the brain. Such “concealed’’ remnants of the optic cup may 


often lack the tapetum nigrum and the histological character of 
retina, owing to early destruction of some groups of cells which 
potentially corresponded to the lacking layers of the retina, and 
may thus give the appearance of a part of the brain. If it happens 
to come into contact with the epidermis, such ‘‘a part of the 
brain’’ will stimulate the differentiation of a lens from it. 

This, undoubtedly, is exactly the condition in the case described 
by Mencl in 1903. I have many times observed unmistakable 
optic cups which lacked some of the histological characteristics 
of retina and whose structure was very much like that part of 
the ‘‘brain”’ in Mencl’s case (cf. Mencl ’03, Figs. 2, 4 and 5, and 
also ’08, Fig. 1), into which the larger one of the two lenses has, 
as it were, burrowed in. That part of the ‘“ brain”’ is undoubtedly 
a ‘“‘verkappte”’ retina, as Spemann had once suggested. 

This, I think, disposes of the first, but most troublesome, case 
described by Mencl. It might perhaps be added that the asym- 
metric position of the two lenses! in the head of this anophthal- 


1“*Die linke liegt mehr dorsal und zugleich caudalwadrts von der rechten" 
(Mencl, '03, p. 331). 
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mic anadidymus component could not be accounted for by 
“hereditary reminiscences,’ while chance contact of remnants 
of dissociated ophthalmoblastic material of both sides with the 
epidermis does account for the origin of both lenses as well as for 
their asymmetrical position. Neither of them has arisen from 
predetermined, lens-forming cells—‘‘ durch Erinnerung,’”’ but from 
indifferent ectoderm in response to stimuli from remnants of 
potential optic cups on the epidermis. 

The other “independent” lenses and lentoids described by 
Mencl (’08) can even much easier be demonstrated to be due to 
the same origin—blastolysis and subsequent contact of fragments 
of optic cup substance with the ectoderm. From his description 
of sections of the embryos underlying the Figs. 4, 5, 6, 7 and 8 the 
reader will easily gather that in these cases fragments of optic- 
cup substance! have been profusely dispersed and in places of 
contact with ectoderm gave rise to lenses or lentoids. Mencl 
did not appreciate the full significance of his own observations, 
for referring to such an optic fragment (‘‘ Pigmentanhaufung,” 
Fig. 5X, he says: ‘“‘Was dies Gebilde bedeutet, kann ich nicht 
entscheiden—das Vorhandensein des Pigments jedoch, sowie die 
retinaartige Anordnung der Zellen in der benachbarten Hirnwand? 
lasst die Meinung entstehen, dass es sich dabei um irgend ein 
Rudiment einer atypisch und selbststandig zur Entwicklung 
gelangten Augenkomponente handelt’’ (p. 447). It is, indeed, 
difficult to understand just why, in spite of these observa- 
tions, Mencl claims that in these embryos ‘‘die selbststandige 
Entwicklung der Linsen iiber jeden Zweifel erhaben ist”’ (p. 
447). 

I have recently examined sections of a number of deformed 
Salmonid embryos (of another species) with such ‘‘independent”’ 
lenses. The publication of the observations made on this ma- 
terial being reserved for a future publication, it may suffice to 
state that the conditions noted in several of these embryos bore 
a very striking resemblance to those in the embryos lately de- 
scribed by Mencl (’08). Here, too, subjective interpretation 

1 “Pigmentanhdufung,”’ ‘‘Pigmentblischen,”’ “‘ Pigmentfleck,’’ ‘‘eine homogene, 
schwarze, langliche Pigmentmasse, welche in die Falte der retina-artigen Hirnwand 


hineinragt’’ (Mencl ’08, p. 447). 
? My own italics. 
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might easily lead to the conclusion that the “eyeless’’ lenses 
arose by self-differentiation of the ectoderm. But careful obser- 
vation and rigid analysis of the noted relations of parts to each 
other leaves no doubt that all these lenses are products of stimuli 
from dispersed optic-cup substance. 

In a Fundulus monster described by me in a former paper 
(Werber '16c) there were no eye defects, but owing to a special 
method optic-cup substance was very profusely dissociated and 
dispersed through a large part of the head. Owing to this con- 
dition a great deal of the head ectoderm and even the epithelium 
of the mouth, infected, as it were, with such fragments of the 
optic anlage, responded by the formation of a great number of 
lentoids. Many more monsters resulting from the employment 
of the same method were examined in sections and they show 
very similar conditions. In other experiments in which the 
method employed was more destructive various eye defects such 
as monophthalmia or synophthalmia or anophthalmia resulted. 
On examination of sections through these embryos not only 
lentoids, but well-differentiated, ‘‘eyeless’’ lenses were frequently 
observed and in nearly every one of these cases some more or less 
obvious traces of optic-cup substance can be observed in their 
immediate neighborhood. 

In the same paper I have pointed out that the ‘independ- 
ent’’ lenses which Stockard (’09, ’10) described in teratoph- 
thalmic Fundulus embryos have also undoubtedly resulted from 
contact of ectoderm with such blastolytic fragments of the eye 
anlage. 

On that occasion I have also called attention to a very prob- 
able source of error in King’s (’05)' experiments in view of which 
the evidence she brought forth for the independent development 
of the lens in Rana palustris in contradiction to Lewis’s (’04) 
unmistakable evidence to the contrary, appears to be illusory. 

Experiments of other observers (Bell ’06 and ’07 and Ekman 
14) also yielded results which decidedly contradict the idea of 
the independent development of the lens. And a very beautiful 
demonstration of the “lentogenic reaction”’ of the epidermis to a 
stimulus from an eye fragment was recently furnished by Wachs 
(’14, p. 430 and Figs, 46, 47, 48 and 49). 


1 Cf, the footnote on p. 221 of this paper. 
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This author transplanted in well-advanced larve (hind legs 
developed) of Triton teniatus, in which the eye was at the time of 
operation as fully developed as in the adult, a piece of the iris 
from the eye of one larva into the otic capsule of another larva 
of the same age. Asa result he could in one case observe that a 
strand of epidermal epithelium which, owing to the operation, 
had grown in from the edge of the wound to the otic capsule, has 
given rise to ‘‘ein rundes Lentoid . . . mit konzentrisch gelager- 
ten Linsenfasern . . ..” 

From all that has been said so far we may conclude that there 
exists no valid evidence for the possibility of the origin of the lens 
by self-differentiation. On the contrary, observation in the normal 
development of the eye, evidence from teratophthalmic cases and all 
experimental evidence point to the correctness of Herbst’s (’o1) and 
Spemann’s (’o1) conclusion that the lens of the vertebrate eye de- 
pends in its development and differentiation from ectodermal epi- 


thelium upon a specific, apparently chemical, stimulus from the 
optic vesicle. 


This stimulus might perhaps be in the nature of an enzyme 


action by contact. Spemann (’05, ’12), who recognizes the 
dependence of the development of the lens upon this specific 
stimulus in some species, assumes the possibility of a specific 
secretion by the optic cup or rather by the retinal part of the 
latter, to which, as he believes, may also be due the ‘‘regenera- 
tion’’ of the lens from the iris of the fully developed amphibian 
eye. While this hypothesis appears to have received strong 
support from the beautiful experiments of his pupil Wachs 
(/. c.), it seems to me perhaps premature to speak of a secretion 
in this case. For, aside from other considerations, the fact 
ascertained by Wachs (I. c.) that the supposedly secreted sub- 
stance is not conveyed by the blood of the animal to any other 
part of the body would seem sufficient to indicate that the retina, 
as Wachs himself concludes, has no such endocrine function. 
Nor is Wachs’s assumption of a secretion that ‘‘bleibt auf das 
Auge und seine nachste Umgebung beschrankt”’ (p. 446) justified 
by the results of his numerous experiments. 

There is, moreover, good reason to believe that the capacity 
for the “‘lentogenic stimulus’’ is not at all restricted to the retinal 
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layers of the eye cup. For evidence is not lacking that the tape- 
tum nigrum is also capable of inducing the development of a lens 
(or lentoid) when in contact with ectodermal epithelium. Thus, 
as pointed out above (p. 235), some of the “independent” 
lenses recorded by Mencl (’08) very clearly owe their origin to 
contact of ectoderm with tapetum nigrum fragments (“Pig- 
mentblaschen,’’ ‘‘Pigmentanhaufungen.’’ ‘‘ Pigmentmasse’’). 
It was also mentioned that in a considerable number of Fundulus 


‘ 


monsters in my possession ‘“independent’’ lenses and lentoids 
can be demonstrated to be due to this “enzyme action”’ of the 
tapetum nigrum. This ability of the pigment layer of the optic 
cup is also suggested by some of Spemann’s (’12) and Stockard’s 
(J. c.) figures. 

Whatever the nature of this action may be, whether or not 
we agree to regard it as an enzyme action, as [ am inclined to do» 
it seems evident that all layers of the optic cup are capable of 
it. Even the iris epithelium which genetically is also a part of 
the optic cup may also be capable of this action. 


3. THE ORIGIN OF THE SECONDARY LENS—IN “‘ REGENERATION,””! 


Bearing in mind this apparent ability of the embryonic ecto- 


derm for lens formation—by ‘“‘enzyme action,” it may perhaps 
no longer be difficult to account, at least theoretically, for its 


secondary formation—‘‘regeneration’’—from the iris after the 


exstirpation of the primary lens from the fully developed eye 
of the amphibian larva or even the adult. 


An attempt in this direction has already been made by Wachs 
(1. c.) who accounts for this phenomenon as a reaction of the 
‘secretion”’ of the retina. Although 
I find it difficult to accept the evidence for this secretion, I believe 


epithelium of the iris to the 


that Wachs’s idea is correct in the main. The secondary for- 


i] am notinclined to regard the formation of the lens from the epithelium of the 
iris as a case of true regeneration in the precise meaning of that term. From the 
histogenelic point of view we must say that this matrix (the iris) gives rise to the lens 
for the first time and thus it generates, but does not regenerate, it. Considering, on 
the other hand, the secondary lens in relation to the whole visual organ or to the entire 
body of the animal, it is difficult to deny that we are here dealing with a case of what 
is commonly regarded as regeneration (‘‘Ersatz’’, ‘‘ Nachbildung’’, ‘*‘ Nach- 
wachsen"’, “‘Wiederwachstum"’). Without wishing, therefore, to decide on the 
fitness of the term in this connection, I am employing it only in quotation marks. 
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mation of the lens—from the epithelium of the iris—is probably 
a response (reaction or complex of reactions) to a chemical stim- 
ulus just as much as its primary development from the supra- 
ocular epidermis of the early embryo. 

But, it may well be asked, if there is no such secretion as as- 
sumed by Wachs, what is the nature of the chemical stimulus 
and whence, from what source, or from what part of the eye does 


it issue? Two possibilities suggest themselves as an answer to 
this query. It may be imagined that, owing to the operation, 
the iris comes into temporary contact with the inner wall of the 
optic cup, from which it might thus receive the stimulus for the 
formation of a lens in the same manner as in the embryo the supra- 
ocular epidermis from the optic vesicle. Such contact due to a 
collapse of the optic cup' may result from the methods of opera- 
tion employed by Wolff (’95) and the other experimenters (with 
the exception of Wachs). However, I am not inclined to give 
serious consideration to this possibility, as this contact of the 
pupillary edge of the iris is not necessary for the ‘“‘regeneration”’ 
of a lens, for in Wachs’s experiments the method of operation 
excludes it altogether. The experiments of the latter author, 
however, do not, as he believes, exclude another possibility which 
to me seems well worthy of careful consideration. 

Wachs (I. c., pp. 416-426) has raised the question whether the 
iris is capable of forming a lens without any outside stimulus 
(‘aus sich heraus’’). He was led to consider this possibility 
by the results of some of his experiments, in which a fragment of 
the iris, implanted into the posterior chamber of an eye deprived 
of its lens ‘‘regenerated”’ a lens, even if it did not heal on to the 
iris. This lens may even be better differentiated than the lens 
simultaneously ‘‘regenerated’’ by the latter. 

To decide whether the fragment of iris in these cases formed a 
lens under the influence of a secretion from the retina or—‘‘aus 


1 According to a statement by Miiller ('96) no lens is formed by the iris afte: 
extraction of the primary lens, if the vitreous body is injured. Were this state- 
ment correct, no lens could arise from the iris owing to its contact with the optic 
cup by collapse of the latter. It is evident, however, that Miiller’s observation is 
incorrect, for in Wolff's (J. c.) and in some of Fischel’s ('00 and '02) experiments 
in which a lens or lentoids did form from the iris, the vitreous body was undoubtedly 
injured, since the whole optic cup was damaged. 
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sich heraus,” he transplanted (in a number of experiments) a 
fragment of the iris under the skin of the head. The result was 
negative, as the piece of iris disintegrated and was resorbed. 

Wachs concluded from this result that the site of this trans- 
plantation was apparently unfavorable and he, therefore, in the 
next experiments transplanted a fragment of the iris into the 
otic labyrinth, after first removing a part of the latter. The 
following results were obtained: 


‘ 


In several cases where the fragment was ‘“‘small,’’ 7. e., con- 
sisted of iris only without retinal cells or with some very few of 
the latter, no lens-like structures were formed. In a number of 
instances, however, where the fragment was ‘“‘larger,”’ i. e., con- 
taining more retinal cells, lentoids were formed (apparently from 
the iris), while in several other cases the transplanted fragment 
was transformed into a small eye with a lens, which latter Wachs 
considers as formed from the fragment of iris. However, in a 
number of instances (pp. 425, 426-428) where the transplanted 
fragment contained many retinal cells and was in good condition 
(“‘trotz guter Erhaltung’’) no lens-like structures were formed. 

These results are, obviously, inconclusive. They certainly 
do not permit of Wachs’s conclusion that the lentoids and lenses 
of the ‘positive’ cases owe their origin to a stimulus from a 


secretion of the retinal cells (carried with the transplanted frag- 


ment of iris). For, why could not such effect of the retinal 


‘ 


“secretion’’ be observed in the ‘‘negative’’ cases in spite of con- 
siderable retina? From these results I can read no definite, 
unmistakable, answer to the question which they were to answer. 

For the following reasons, however, I should regard the query 
as a very pertinent one. 

We know that the retina (Spemann, Lewis, Le Cron, Bell, 
Ekman, Werber and others) can furnish the stimulus for the 
formation of a lens from an epithelial derivative of the ectoderm 
(even epithelium of the mouth—Mencl, ’08, and Werber, '16c) 
by contact with it. Besides being capable of furnishing the 
stimulus for this “‘lentogenic reaction”’ the retina (an ectodermal 
derivative) is according to Fischel’s (’00, ’02) and my (Werber, 
’16c) observations capable also of responding to such a stimulus— 
the lentoids of the retina. Whence does this stimulus issue in 
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the case of the formation of the retinal lentoids? Considering 
the fact that the retinal cells can both furnish the “‘lentogenic”’ 
stimulus and respond to it, it would certainly seem not far fetched 
to assume that the stimulus for the formation of the lentoids by 
the cells of the retina issues from themselves. In this case the 
retinal cells react to their own ‘‘lentogenic enzyme.’’ Both the 
conditions for furnishing the stimulus and the latent potency of 
responding to such a stimulus are known to be present in the 
retina. May not this double capacity underly also the formation 
of the lens from the iris? 

To answer the latter question it would be necessary to find 
out whether the iris besides its known potency of forming a lens 
(Wolff, Miiller, Fischel, Wachs, and others) is also capable of 
furnishing the ‘‘lentogenic stimulus,”’ if in contact with epithe- 
lium (or some other ectodermal derivative). Unfortunately, 
however, the question cannot be answered definitely at the present 
time. 

There exists only one experiment (by Wachs, l. c., p. 430 and 
Figs. 46, 47, 48 and 49) which suggests this possibility, but the 
conditions in this experiment are not quite clear. A fragment 
of the iris was in this case (No. 39) transplanted into the car- 
tilaginous capsule of the otic labyrinth. This fragment stimu- 
lated the formation of a lens (Fig. 49) from a strand of epithelium 
that had grown in from the edge of the wound. It is uncertain, 
however, whether in this case the ‘‘lentogenic’’ stimulus issued 
from the iris or perhaps from retinal cells contained in the trans- 
planted fragment. For while on p. 429 Wachs states that this 
fragment was ‘‘ein Stiick der oberen Iris’’ and that ‘‘nach 28 
Tagen ... war das Stiick mit Goldpigment noch deutlich 
sichtbar,”’ 


. 


on p. 447 (in the summary) he refers to it as “‘ein 
’ and in the record (p. 423) this case (No. 39) 
is enumerated among those in which “ein Stiick des oberen 
Augenteiles’’ was transplanted into the labyrinth. Wachs 
himself, however, does not state whether he assumes that in this 
case the regenerated epithelium formed the lens under the in- 
fluence of retinal cells or of the iris. 

There is no reason, however, why the latter possibility should 
be excluded. It is certainly not excluded by those experiments 


Stiick des Auges’ 
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of Wachs in which a fragment of the eye cup containing both iris 
and retina (cf. Fig. 50) transplanted “dicht unter die Haut” 
has failed to stimulate lens-formation from the latter, but instead 
has so altered it that it gave the appearance “einer kleinen 
Cornea.” For in these cases the failure to induce the lentogenic 
reaction might have to be attributed to the retinal as well to the 
iris-part of the transplanted fragment; it may, however, be due to 
the circumstance that the skin of the relatively old larvae was no 
longer capable of responding to a “‘lentogenic stimulus.”” The 
latter possibility may be implied from the (above-mentioned) case 
(pp. 237 and 241) in which owing to the operation an ingrowing 
strand of epithelium formed a lens under the influence of the 
transplanted fragment of the optic cup. For, as Wachs himself 
concludes, we are in that case (No. 39) dealing with ‘‘ Abkémm- 


linge von Hautzellen, die, neugebildet und noch undifferenziert, 


offenbar die gleiche Fahigkeit der Linsenfaserbildung haben 
k6nnen, wie einst die junge Haut. . . ”’ (J. ¢., p. 430). 

But while there is, as we see, no definitely known instance of 
lens-formation owing to a stimulus from the iris, there is, on the 
other hand, nothing that would contradict the assumption that 
the iris is capable of exerting such a stimulus on ectodermal 
derivatives. Moreover, the very fact that the other parts of the 
optic cup (retina and tapetum nigrum) can furnish the lento- 
genic stimulus would make it appear very probable that the iris 
which genetically is also a part of the optic cup (proper), is like- 
wise possessed of the ability to induce the ‘‘lentogenic reaction.” 

Granting the correctness of this assumption (which eventually 
may be borne out by suitable experiments), we would in the case 
of the iris be confronted by the same conditions as in the case of 
the retina. It is known that the iris can form a lens, and if, as 
seems probable, it can also induce the formation of a lens from 
ectodermal epithelium, the assumption may be justified that in 
the formation of a lens from the pupillary edge of the iris, which 
is an ectodermal derivative, its cells respond to their own ‘‘len- 
togenic enzyme.” 

These conditions apparently obtaining in the formation of 
lentoids from the retina and very probably also in the “‘ regenera- 
tion”’ (secondary formation) of the lens from the iris are in prin- 
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ciple similar to the conditions obtaining in the primary (embry- 
onic) formation of the lens, although the morphogenetic scheme 
of the latter cannot be fully applied to either the retinal lentoids 
or to the lens formed from the iris. The chief difference between 
the two modes of the morphogenesis of the lens is that while the 
origin of the ‘“‘lentogenic stimulus’’ and the part responding to 
it are locally separate in the primary formation of the lens, they 
would—-¢ranting the correctness of our interpretation—coincide 
locally in the secondary formation of the lens from the iris or of a 
lentoid from the retina. 


In order to fully understand the morphogenetic process under- 
‘regeneration”’ of the lens from the iris (or of lentoids 
from the retina), it would also seem necessary to explain just how 


lying the 


the ‘‘lentogenic stimulus,” the latent capacity for which is prob- 
ably possessed by the whole optic cup proper, is activated on the 
extraction of the primary lens. An answer to this query is, I 
believe, partly given by some of Fischel’s (’02) experiments, 
which I shall review in the following. 

The lens is so tightly enclosed by the iris that on its extraction 
slight injuries to the latter result. No matter how carefully the 
operation may be performed, slight, unnoticeable, lesions (abra- 
sions?) of the cells of the pupillary edge of the iris may be una- 
voidable.! The significance of these, otherwise perhaps negli- 
gible, physical alterations of these cells of the iris resulting from 
the operation suggested itself to Fischel (’02, pp. 106-109 ff) 
from the observation of small lenses and lentoids formed not only 
by the pupillary edge but also from other parts of the iris. Being 
aware of accidental injuries to the eye cup and to the iris in some 
of his experiments he thought of a possible causal connection be- 
tween the latter and such lenses or lentoids located in various 
parts of the iris. In order to test the correctness of his tentative 
interpretation he performed a number of experiments in which 
besides the exstirpation of the lens various parts of the iris were 
purposely injured. On microscopic examination of the results 
he was able to observe that small lenses or lentoids were formed 


1 According to E. Uhlenhuth (quoted from Loeb '16) who cultivated fragments 
of the iris by Harrison's explantation method, it is to these abrasions that the loss 
of the pigment by the cells of the iris is due. Owing to this injury of the cells 
the pigment granules are liberated into the lumen of the optic cup where, as Wolff 
('95) has observed, they may be absorbed by leucocytes. 





SPM Se pit 


244 E. I. WERBER. 


from just such intentionally, and still discernibly distorted, parts 
of the iris. In several experiments Fischel observed besides the 
formation of a lens from the pupillary edge of the iris small 
double lenses, or twin (fused) lenses and in one case even three 
lenses in other parts of the latter. For the formation of these 
double (or multiple) structures Fischel, I. think, correctly ac- 
counts by close proximity to each other of two (or more) places 
of injury.!' Even the size of such lens-like structures he regards 
as dependent upon the extent (number of cells) of the injured area. 

The lens formed by the pupillary edge of the iris after exstir- 
pation of the primary lens is usually as large and as well differen- 
tiated as the latter. This, according to Fischel, is due to the 
circumstance that on extraction of the lens a large area comes 
under the stimulus of the injury, and also to the fact that the 
pupillary margin of the iris being an epithelial fold, it affords the 
best means for the formation of a lens-bud (the ‘“‘Knoten’’— 
Wolff ’95), the first step in which is always a folding of the 
corresponding part of the epithelium. 

Another apparent confirmation of this ‘“‘ Reizhypothese’’ was 
furnished by the lentoids of the retina. The latter were observed 
by Fischel (’02) in many experiments in which owing to the 
extraction of the lens the eye bulb sustained accidental injuries. 


The experimental test—intentional injury of the retina—again 


gave positive results. The “retinal lentoids’’ could be demon- 
strated to be due to transformation of thus injured cells or groups 
of cells of the retina into such lens-like structures. The fact that 
only the latter and not fully differentiated lenses of large size can 
be formed by the retina on mechanical stimulation is, according 
to Fischel, accounted for by the small area of such stimulation 
and by the difficulty of forming a large fold. 

This ability of the retinal cells to become transformed into 
lens-like structures Fischel regarded already in 1902 as no more 
surprising than, (as demonstrated by his experiments), that of 
any part of the iris, or of the epithelium of the skin in normal 

1 In some experiments of Wachs (/. c.) in which a fragment of the iris was intro- 
duced into the posterior eye chamber of another animal whose lens has been 
extracted, both the implanted fragment and the animal's own iris formed a lens. 
In some of these cases where the fragment coalesced with the iris, two more cr iess 


fused lenses were observed at the point of coalescence, one formed by the foreign 
fragment and one by the iris. 
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ontogeny. Already at that time he regarded it as a primary 
potency of all derivatives of the ectoderm. As the additional 
factor, however, necessary for this transformation of ectodermal 
derivatives he assumed an unknown stimulus which in the 
“regeneration” of the lens from the iris ‘“‘in jenen Alterationen 
zu suchen ist, welche das regenerierende Gewebe direkt durch den 
experimentellen Eingriff selbst erfaéhrt ... von welchen die 
Zellen der Iris bei der Linsenextraktion betroffen werden’”’ 
(’o2, p. 106). 

This unknown stimulus Fischel (’16) now regards as a chemical 
one from a secretion by the optic cup, or more specifically, from 
the retina which in conformance with Spemann and Wachs he 
also assumes. To the stimulus from this secretion he attributes 
the transformation of the supra-ocular epidermis into a lens in the 
embryo as well as the like transformation of the cells of any in- 
jured part of the optic cup (iris or retina). 

While in the main I agree with Fischel by recognizing the 
necessity of an injury to that part of the iris or retina from which 
the secondary lens or lentoid arises, as proven, I am, as already 
stated, inclined to doubt the probability of a secretion by the eye 
cup as the additional factor involved in the stimulus for the for- 
mation of the secondary lens. Undoubtedly, with the present 
data at hand, it is difficult to deny that some chemical process is 
apparent in the morphogenesis of both the primary and the secon- 
dary lens. This process, however, may, as was pointed out in the 
preceding pages, be due to a substance (a “‘lentogenic enzyme’”’) 
apparently contained by all parts of the eye cup already in the 
stage of the optic vesicle or even earlier. The activation, how- 
ever, of this “‘enzyme”’ seems in the case of the ‘‘regeneration”’ 
of the lens to be in some way due to the injury of those cells of 
the iris which subsequently become transformed into lens fibers. 

What would yet remain to be explained is the nature of the 
relation of the injury of the cells to the activation of their own 
‘‘lentogenic enzyme.”’ On this point, however, I should venture 
no opinion at the present time. 


One apparent objection to our interpretation may yet be 
considered. 


It is known from experiments by Wolff (’03) that if a part of 
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the iris be removed by cutting (iridectomy) without removing 
the lens, the iris will regenerate but form no lens-like structures. 


Wachs (/. c.) attempted to account for this fact by the assumption 


of a secretion from the lens which would inhibit the formation 
of another lens. The results of some of his experiments, he 
believes, substantiate this conclusion. In these experiments the 
lens was removed and subsequently the lens of another animal 
of the same or a related species was introduced into the eye. In 
no case in which the foreign lens healed into the eye was a lens 
‘“‘regenerated.”” This result, however, permits of another inter- 
pretation, in which no resort is made to the improbable assump- 
tion of the ‘“‘antisecretion’’ by the lens. 

Indeed, Wachs’s own ingenious experiments performed for the 
solution of this particular part of the lens-problem would seem to 
disprove rather than to prove the assumption of asecretion. For 


‘ 


they show that the “regeneration”’ of a lens is inhibited only 
when the (smaller) lens implanted into the eye, heals into it, 7. e., 
comes into close contact with the iris (“so dass die verengerte 
Iris sich ihr ringsum dicht anschliesst . . . ,”’ p. 404). If, how- 
ever, such contact is not effected—‘‘liegt jedoch die aus dem 
jiingeren Tiere implantierte kleinere Linse mehr oder weniger in 
der vorderen oder hinteren Kammer, so wrd eine Regeneration 
eingeleitet.”’ 

Wachs has ascertained beyond doubt that the inhibition is in 
these cases due not only to the mechanical effect of the contact, 
but very apparently also to a chemical action. While, however, 
he strongly inclines to the belief that the chemical action is due 
to a secretion, I think it can easily be shown also in all other of his 
experiments by which the matter was tested, that this chemical 
action is conditioned by contact of the implanted lens with the iris. 

These important experiments of Wachs, strengthened further 
by some interesting results of Fischel’s (’02) experiments! would 

1 Fischel exstirpated the lens and replaced it by small spherical fragments of 
the potato tuber. Whenever this “imitation lens’’ was large enough to fit the 
pupilla, no “regeneration” of a lens from the latter took place. If, however, its 
diameter was smaller than that of the pupilla, partial ‘‘regeneration'’ of the lens 
or at least an “attempt’’ towards it was noted, complete “‘regeneration"’ being 
impossible owing to mechanical obstruction by the potato fragment. This experi- 
ment clearly demonstrates that the extraction of the lens eliminates not an in- 
different body, but one with a specific, inhibiting, action. 
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seem, however, to leave no doubt that the lens contains some- 
thing, some substance that apparently inhibits the formation 
of another lens from the iris which would invariably occur in its 
absence.! This substance, however, again need not necessarily 
be secreted, in order to neutralize the action of the ‘“‘lentogenic 
enzyme.” Just what the nature of this substance may be, is, of 
course, altogether a matter of conjecture. It might perhaps be 


imagined as an ‘“‘antibody” (‘‘antigen”’) contained in the periph- 
eral part (the epithelial cells) of the lens and the realization of 
its inhibiting action may be due to close contact of that part of 


the lens with the epithelium of the iris. 

This ‘‘antibody” being, just like the lens, a product of the 
‘‘lentogenic reaction,’’ we may perhaps in the case of the verte- 
brate eye eventually have a striking example of some of the 
factors (synthetic enzyme action—Loeb, ’16) concerned not 
only with development and growth, but also with the limitation 
of the latter? for the attainment of proper size relations, and with 
the maintenance of a chemical equilibrium indispensible for the 
undisturbed existence of a structure or an organ.* 


! Fischel ('16) has recently furnished another interesting example of the ap- 
parent chemical action of the lens which he also considers as a “‘secretion.’’ He 
transplanted in larvae (about 3 cm. large) of Salamandra maculosa the exstirpated 
lens under the skin of various parts of the head or trunk. Asa result he observed 
that, while the lens underwent a gradual dedifferentiation and eventual absorption, 
the skin above the transplantate showed remarkable changes. The unicellular 
glands (the cells of Leydig) disappeared from the corresponding region of the skin, 
which, owing to the morphological changes, by its appearance suggested a similarity 
to ‘‘friihe Entwicklungsstadien des Hautepithels’’ (p. 37). . Eventually this region 
of the skin became transparent and was very similar to a fully differentiated 
cornea.—Similar observations were, as mentioned above (p. 242), recorded also by 
Wachs (l. c.) on transplanting parts of a fully differentiated optic cup under the skin. 

2 The fact that the “ regenerating ’’ lens does not grow indefinitely (as it might, 
if it were a benign tumor—regarded as such at one time by Fischel, ’00), but is 
limited in its growth to attain just the size to fit the pupilla, has recently occasioned 
J. Loeb ('16) to raise the question regarding the factors limiting growth. Ac- 
cording to our assumption it might perhaps be imagined that every tissue (or 
structure) elaborates during its development a substance (an ‘‘antibody’’) which 
inhibits its growth beyond certain limits. In this case both growth and its auto- 
matic limitation would be conditioned by the same factors of development. 

* Fischel ('16) concludes from his experiments that the already fully differentiated 
lens needs the chemical influence of the eye for its normal (undisturbed) existence. 

OsBORN ZOOLOGICAL LABORATORY, 
YALE UNIVERSITY, October 4, 1917. 
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SEX-—DETERMINATION AND BIOLOGY OF A PARA- 
SITIC WASP, HADROBRACON BREVICORNIS 
(WESMAEL). 
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The problem of sex-determination is nowhere Of greater interest 
than in the Hymenoptera. The occurrence of parthenogenesis 
as well as sexual reproduction adds interest to this matter, 
especially in view of the fact that considerable variation in con- 
ditions obtains, not only between the different families, but even 
between the minor groups of the same family. 

The present studies deal with an insect, Hadrobracon brevi- 
cornis (Wesmael), belonging to the family Braconidz. 

The insects vary greatly in coloration, ranging from near black 
though various intermediate patterns to near yellow. In the 
near-yellow individuals black pigment usually persists in the 
antennez, in the compound eyes, about the ocelli, and in small 
markings near the base of the wings. No experiments have been 
made to test the cause of color variation except that it has been 
shown that it does not yield to selection. It seems probable, 
therefore, that it is due to some environmental influence. It 
shows a certain correlation with size, for the dwarfed specimens 
are usually very dark while the larger individuals are either very 


light or of intermediate color. There is no apparent correlation 
of color with sex. 


In view of the fact that genetic differences with respect to 
color exist in the honey-bee, I had expected the yellow and the 
black variations of Hadrobracon to reproduce themselves, but 
this is not the case. 

Fig. 1, A, shows a light colored male and Fig. 1, B, shows a 
rather dark female. Sexual dimorphism is evident in the longer 
antenne of the male and in the presence of the ovipositor of the 
female. Variation occurs in the number of antennal joints and 
in the general body size. The larger specimens are three to four 
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millimeters in length, but minute individuals occur as well. The 
latter are probably starved. They are fertile, nevertheless, and 
give rise, when bred, to wasps of normal size. 


The insects mate readily as soon as they emerge from their 
white silken cocoons. The females deposit their eggs upon the 
bodies of full-grown caterpillars of the Mediterranean flour-moth, 
Ephestia kuehniella Zeller, and probably also upon other meal 
caterpillars. The caterpillars are stupefied by the sting of the 
wasps and remain quiet until the acephalous, apodous larve 


emerge and devour them. Several eggs are laid upon one cater- 
pillar and as many as ten or a dozen wasps will sometimes de- 
velop. Usually the number is smaller. At a high temperature 
the length of a generation is ten days or less. The adult females 
may live as long as six weeks. 

The work has been handicapped by lack of sufficient cater- 
pillars at necessary times. As a consequence I have not been 
able to rear as many offspring as desired. The greatest number 
of progeny obtained from a single female was one hundred and 
twenty-eight, but I am convinced that many more could be 
secured if sufficient food were available. The technique of 
rearing and handling the moths is being developed and it is 
hoped that further work upon the wasps may be done as a result. 

A protozoan parasite has been found in the caterpillars and in 
Hadrobracon. It has been eliminated by heat sterilization of the 
food and glassware. Its life history is being worked out by Dr. 
D. H. Wenrich. The small numbers in some of the families of 
Hadrobracon are due to the presence of this parasite. 

My thanks are due to Dr. McClung for the facilities of the 





P. W. WHITING. 


TABLE I. 


INBRED PROGENIES OF MATED FEMALES. 


Offspring. 


Designation of Parents. 
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TABLE I.—Continued. 


Offspring. 


Designation of Parents, 


Generation, 
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| Total from 51 mated 593 od 846 292 
females 


laboratory and for his kindly help and criticism. The work 
has been done by aid of a Harrison Research Fellowship of the 
University of Pennsylvania. 

In November, 1916, a female wasp (2 No. 1) was found in 
cultures of the Mediterranean flour-moth at the Zodlogical 
Laboratory. A little later some cocoons of the wasp were found 
and these were isolated in vials. Both males and females emerged 
from the cocoons. The females were not mated but produced 
parthenogenetically families consisting entirely of males. 
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The first female (9 No. 1), produced forty-nine males and 
forty-seven females. As later results show she had in all proba- 
bility mated. Table I. shows the progeny of mated females 
descended from 92 No. 1. No variation of sex-ratio correlated 
with age of the mother or lapse of time since mating could be 
detected. 

The first column of Table I. gives the designation of the parents. 
The various matings of a given generation are designated by the 
letters of the alphabet, as F3a, Fsb, etc. In case there are more 
than twenty-six matings in any generation, the succeeding 
matings are numbered, as F31, F32, etc. 

Omission of letters or numbers denotes that the parents in 
question are elsewhere summarized or else produced no offspring. 

The second column denotes the generation of the offspring 
and the third and fourth columns denote the males and females 
respectively. 

The points of interest to be noted in Table I. are as follows: 

Each of the fifty-one females produced females, and all but 
F;e, which produced a single female only, produced males. 

Considerable variation in sex ratio obtains in different frater- 
nities, usually with excess or equality of females. 

An attempt to correlate sex ratio in the maternal fraternities 
with that of the progeny resulted as follows: 
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Fraternities with excess females (131 o'c" : 237 2 9) gave 236 o'o" : 374 2 PB 

I: 1.6. 

Matings of progeny of 9 no. 1 (49 o'o" : 47 2 9) gave 122 oo" : 180 9 P 
Fib (26 0'o’' : 20 29YP) “ 64 0'o': 60 2Q 


Fraternities with equality of sexes (75 o'o’ : 76 2 9) gave 186 oo" : 2490 2 
B23 8.3. 


It is seen that a higher female ratio is obtained in the progeny 
of those fratgrnities in which the females were in excess of the 
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males than in the progeny of those fraternities in which the sexes 
were equal, but although this condition obtains the numbers are 
too small and the exceptions too numerous to be conclusive. 
Thus the progeny of Fic, F;6 and F;8 had excess of females but 
produced equality of sexes, while the progeny, of 2 No. 1 had 
equality of sexes but produced excess of females. 

As mentioned earlier in the paper, virgin females gave only 
male offspring. 


Twenty-six virgin females were isolated~and produced 757 
males. The fraternities consisted of 4 to 84 individuals. Eight 
females that were with males produced 146 males and no females. 
It is probable that they did not mate. 


TABLE II. 


OFFSPRING OF FEMALES, BEFORE AND AFTER MATING. 


| Offspring. 


Designation of Parents. After Mating. 
Before Mating, oc". pares ere 
ad. 29. 
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Total from thirty-six virgin females—1,133 ¢'<’. 


Total from sixty-one mated females (excluding those that were set with males 
but produced only males)—683 o’o"; 918 9 Q. 


Table II. shows the progeny of ten females that were mated 
late in life after they had produced several males. Seven of 
these were mated to their own parthenogenetically produced 
sons. In every case only males were produced before the mother 
mated and nine of the mothers produced daughters after mating. 
Virgin female F,i produced fifty-one males after being intro- 
duced to a male. It is probable then that she did not mate. 
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The excess of males (90 : 72) in the progeny of females mated late 
in life is probably due to the fact that they did not mate after 
being set with a male until after they had laid a few eggs. 

Summarizing then we have sixty-one females set with males 
that produced both males and females (683 : 918), nine that 
produced only males (197) and thirty-six virgin females that 
produced only males (1133). Not a single female has been pro- 
duced from a virgin female. 

The conclusion might be drawn then that in Hadrobracon 
brevicornis fertilized eggs produce females and unfertilized eggs 
produce males. If this is comparable with conditions in the 
honey-bee and the hornet, it must be supposed that the male is a 
haplont; the female, a diplont. An alternative possibility would 
be that males are diplonts, in which case they might be formed 
either from unreduced eggs or from reduced eggs that have been 
fertilized by male-determining spermatozoa. 

Cytological work is now in progress that confirms the theory 
that the male is haplont. The first spermatocyte division is 
abortive as in the honey-bee. Details will be published later. 

Other work in regard to sex-determination in the Braconidze 
is that of F. M. Webster (1909) and S. J. Hunter (1909) on Lysiph- 
lebus tritici, belonging to the subfamily Aphidiine. The results 
of these investigations have been reviewed and discussed by 
A. F. Shull (1910). Both males and females were produced 
from mated females. Virgin females usually produced males 
but occasionally a few females. 

The work done at the United States Parasite Laboratory at 
Melrose Highlands, Mass., indicates that males are usually 
produced from virgin females of Braconids and Ichneumonids, 
but Hemiteles, an Ichneumonid hyperparasite, produces females 
parthenogenetically as well. 
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STUDIES IN THE SEX-RATIO IN MAN. 


ADOLF H. SCHULTZ, 


CARNEGIE INSTITUTION OF WASHINGTON. 


The numerical proportion of the sexes has always been a sub- 
ject of great interest. The question whether they occur with 
equal frequency in man bears a close relation to the problem of 
sex-determination and comparative sex mortality. While the 
original sex-ratio is conditioned upon sex-determination, mor- 
tality may in the course of time change it. It will be shown that 
sex-ratio is not constant but varies in the different periods of life 
and under manifold influences. Most of the information at 
hand in regard to sex-ratio is derived from statistics of new-born 
and adults, but as regards intra-uterine life as far back as con- 
ception, our knowledge on the subject is limited to a few conflic- 
ting estimates. One of the purposes of this paper is to elucidate 


as far as possible this last problem. Inasmuch as the supposition 
that sex is determined before or at the time of fertilization is 
generally accepted, one may speak of a sex-ratio of conceptions, 
which may also be called original, physiological, or primary sex- 
ratio. That at birth, therefore, should be termed secondary 
and finally the sex-ratio of adults, tertiary. 


TERTIARY SEX-RATIO. 


The consideration of sex-ratio in adults will be limited to 
general remarks. With only a few exceptions European countries 
have a greater proportion of women than men. According to 
Rauber (’00) the sex-ratio! including all ages, for all Europe, is 
97.8; for Asia 104.6; for Africa 103.3; for America 102.2, and for 
Australasia 114.3. According to Brooks (’87) the Australasian 
colonies had in 1881 a sex-ratio of 143.72 for the aborigines, and 
one of 118.64 for the population of foreign descent. However 

1 The most common method in use for representing the average sex-ratio is to 
determine a number which indicates the proportion of males to every hundred 


females. Unless otherwise stated, this is the method herein used. The sex-ratio 
is also frequently called masculinity. 
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imperfect these computations may be, they nevertheless show 
that Europe, with its excess of females, assumes a unique position. 
The following statistics, taken from one of Rauber’s tables, repre- 
sent the number of females for every 1,000 males: 


England and 


Age in Years. Austria, 1869. Wales, 1871. France, 1872. Germany, 1875. 





30-40 1,074 1,092 991 1,046 
40-50 1,089 1,081 906 1,052 
50-60 1,033 1,074 1,008 1,081 
60-70 1,022 1,128 | 1,033 I,114 


25-30 1,087 | 1,111 1,017 1,059 
| 
80-90 _1,376 1,359 


1,052 1,240 


With advancing age the excess of females increases. This is still 
more clearly shown in a table by Prinzing (’05) taken from the 
census of 1900 in Germany: 

Number of females for every 1,000 males: 


Oe GS rss ona se RAs 4 993 40-45 years. . .. 1,045 

5-10 “ 45-50 “ +++ 1,007 
10-15“ ee ee 
15-20 “ énae EN or eae jss0e De 
20-25 “ RE ee Se . 1,189 
25-30 “ SN “eb s's ~» 3,880 
30-35 “ 80-90 “ ow» 
35-40 * 90- x 751 


Inasmuch as in Europe sex-ratio at birth favors males, its sub- 
sequent decrease must be the result of a greater mortality among 


the latter, and in some countries, also, of a greater emigration of 
males. The unequal mortality is shown in a table by Ploss (’87). 
For every 100 females there occur the following numbers of male 
deaths: 


107 
Russia (Europe) ; 108 
Holland ae kts 


109 
Iit 
Rumania....... ee 
The sex-ratio of mortality may differ under various circum- 
stances; for example, between the ages of 25 and 40 years accord- 
ing to Knépfel ('07) in rural districts it is below, while in the 
urban population it is above 100. 


TN, RTT 


See 
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SECONDARY SEX-RATIO. 


The sex-ratio of the living-born is, on a rough average for all 
European countries, 105-106; but this number may vary mark- 
edly even in comprehensive statistics. Manifold explanations 
for these variations have been offered and these will be considered 
briefly farther on. In the individual countries small differences 
in the secondary sex-ratio may exist, as shown in the following 
examples taken from a table by Ploss: 

Russian Poland 
England and Ireland 
France 

Germany 
Switzerland 

Belgium 

Holland 

Sweden 


Concerning countries outside of Europe there is little information. 
Newcomb (’04) states that in Japan the excess of males in more 
than a million births was practically the same as in European 
countries. According to the same author, it seems probable 
that among the negroes of the United States there is a slight 
excess of female births. 

As a result of the unequal mortality of the sexes the secondary 
sex-ratio becomes reversed early in life. Kroon (’17) states that 
in Holland the sex-ratio of mortality during the first year of life 
is 119; that is, the mortality among male infants is one fifth again 
as great as among females. He also states that during the first 
two months of life this ratio reaches even 139. Analogous num- 
bers for the first year of life are given by Prinzing (’06): 

England 
Sweden 
France 


Austria 
Switzerland 


Kroon’s statistics show that this high sex-ratio of mortality of 


the first year soon decreases, reaching its minimum—approxi- 
mately 80—between the fourteenth and fifteenth year. Ac- 
cording to Prinzing ('05) the mortality from the ages of 5 to 20 
years is greater in females, and indeed in the latter part of this 
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period it is the result chiefly of tuberculosis, for which disease 
the common occurrence of anemic and chlorotic conditions at 
the time of puberty furnishes an excellent soil. After this age 
the sex-ratio of mortality increases rapidly and results in the 
reversion of an excess of males to an excess of females. 


PRIMARY SEX-RATIO. 


The sex-ratio of conceptions cannot be determined directly; 
however there is an indirect method of solving the problem of 
the original sex-ratio by means of computing the mortality of 
embryos and foetuses. Only in case the sex-ratio of those dying 
in utero is equal to the secondary sex-ratio, will the primary be 
equal to the secondary. If male abortions were absolutely the 
same as female, then the primary sex-ratio would be smaller 
than the secondary. If the sex-ratio of mortality during preg- 
nancy exceeds the sex-ratio of the livingborn, then the sex-ratio 
of conceptions will of necessity be greater than the secondary and 
indeed all the more so as the total mortality becomes relatively 
greater. It is necessary, therefore, to consider two factors in 
order to deduce the primary from the secondary sex-ratio. The 
following schematic representation will illustrate this: 

1. How many male abortions and stillbirths occur to every 
100 female abortions and stillbirths? 

2. How many abortions both male and female, occur to every 
100 living born? 

100 living born with sex-ratio 105.5 + a stillbirths and abor- 
tions with sex-ratio b. 

100 + a@ conceptions with sex-ratio x. 

This scheme becomes complicated by differences in sex-ratio 
of mortality and in the relative rate of mortality in the various 
periods of pregnancy. The relative number of stillbirths differs 
to some extent according to the various authors. This is in part 
explained by the fact that the statistics are taken from various 
countries. Rauber states that the stillbirths amount to 4 per 
cent. of the annual 1,800,000 births in Germany. According to 
Carlberg (’86), the proportion of stillbirths to the total number 
of births in Livland lies between 2.58 and 2.90 per cent., while 
the percentage for Western Europe lies between 4 and 4.5 per 
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cent. According to Prinzing (’07), reports show that from 1891 
to 1900 in every hundred births there were the following pro- 
portions of stillbirths: 

Holland 

Belgium 

France 
These figures are somewhat increased when expressed in per- 
centages of livingborn. Computing from Auerbach’s (’12) sta- 
tistics of over 100,000 births in Budapest, the stillbirths 
amounted to 3.3 per cent. of the livingborn. Bucura (’05) found 
that among 40,169 births in the Clinic Chrobak in Vienna 5.8 
per cent. were stillborn; Le Maire (’06) found 5.7 per cent. among 
40,339 births in Copenhagen. Both of these figures are too high, 
inasmuch as these authors did not use the term stillborn in the 
usual sense, a small number of abortions being included. Ber- 
noulli accepts 4 to 5 per cent. stillbirths to the total number of 
births. 

The relative number of abortions is extremely difficult to 
determine, inasmuch as everywhere large numbers, especially of 
the earlier months, remain unknown. Williams (’17) expresses 
himself on this point as follows: “‘A conservative estimate would 
indicate that about every fifth or sixth pregnancy in private 
practice ends in abortion, and the percentage would be increased 
considerably were the very early cases taken into account, in 
which there is profuse loss of blood following the retardation of the 
menstrual period for a few weeks.’’ Other obstetricians give 
different estimates. Franz (’98) found 15.4 per cent. of preg- 
nancies ending in abortion, Malins (’03) 19.23 per cent. 
Taussig (’10) estimates that one abortion occurs to every 
2.3 labors, Pearson (’97) to every 2.5 labors. Auerbach 
reports that according to estimates for Berlin, abortions 
amount to one-sixth to one-tenth of the number of living- 
born. According to the same author, there were in Budapest in 
1901-05, 111,139 living born, and in the years from 1903-05, 
7,702 abortions. Assuming an approximately equal number of 
livingborn for each year, the livingborn between 1903 and 1905 
would amount to 66,678, of which number there would be 11.55 
per cent. abortions. This percentage is doubtless too small; 
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Auerbach himself assumes that many abortions of the earlier 
months are concealed. The same author found that of his 
material 3,635 abortions, or almost half, fell within the first 
three months of pregnancy, and it is for this very period that the 
statistics are incomplete; therefore in reality much more than 
half the number of abortions belong to the first three months. 
According to Franz 42.6 per cent. and according to Diihrssen 
even 59 per cent. of abortions occur in the third month alone. 

The sex-ratio of stillborn is much higher than that of living- 
born. A table taken from Morgan (’13) gives the following sex- 
ratios of stillborn for European countries: 


. 124.6 Denmark...... : . 232.0 
. Saga Ee 
Ra. &s.6:0:2:..- ccs wks 
Switzerland. ... ais Be 
Sweden ‘ . 135.0 


Such high sex-ratios of stillborn as that of Walter (260) or that 
of Tschuprow (400) are probably based upon relatively limited 
material and do not represent true ratios. 

Auerbach gives detailed information concerning the sex-ratio 
of abortions. This author’s material is distributed among the 
different months as follows: 


sex-ratio... 


7th month 2 
6th PP = ( 9 
5th " ‘ ( 9 
4th 7 9 

g 





ee fee nn kes o 1,586 


For the first three months of pregnancy he assumes that the 
sex-ratio of abortions is at least equal to that of the fourth month, 
namely 229. It seems to him more probable, however, that it 
increases in constant proportion; therefore he estimates 322 for 
the third month and 452 for the second month. According to 
Carvallo ('12) the sex-ratio of dead embryos up to the fourth 
month is 250; this figure he calculated from the statistics of Paris 
in 1908. K6résy (’98) found the sex-ratio of 3,781 abortions to be 
152.4. Pinard and Magnan (’13) report on 1,229 abortions, the 
age of which is not stated. This material showed a sex-ratio of 
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only 101.1. Rust (’02) also found the sex-ratio of 454 abortions 
from the first six months very low, namely 101.8. It is apparent 
how greatly these figures vary. A new contribution towards 
the knowledge of sex-ratio of abortions, even if based upon a 
relatively small amount of material is, therefore, not valueless, 
especially inasmuch as great care has been taken to determine 
age and sex. The material for these statistics comprises almost 
600 foetuses from the collection of the embryological department 
of the Carnegie Institution. Age classification was based upon 
the sitting height (Keibel and Mall ’10). Rauber published the 
sex of 57 foetuses with their sitting height; these have been made 
use of with the author’s material. Normal and pathological 
foetuses, for the most part white, were used in this study. Ina 
limited number of cases no parental history was available; how- 
ever, it is very probable that the majority of these also were 
white. Among the few specimens of races other than white, 
there is a preponderance of negro. The total material from three 
to ten months comprises 332 males and 315 females, showing a 
sex-ratio of 105.4. Rauber’s material alone gives a sex-ratio of 
159. The sex-ratio of the definitely white foetuses amounts to 
118.7. In the various months it is as follows: 


Month. Total. White. 

108.3 

109.4 

163.4 

76.0 
The material upon which are based the sex-ratios from the seventh 
to the tenth month is too limited to be of much value when repre- 
sented for each month. The exceptional sex-ratio of the sixth 
month must be explained as a chance occurrence. The same may 
be true for the sex-ratio (78.9) of all the pathological foetuses. 
According to the latter, female abortions are more frequently 
pathological, a finding which is difficult to correlate with the 
greater mortality of male foetuses. The greatest deviations in 
the ratios obtained by Auerbach and Carvallo on the one hand, 
and by the author on the other, occur in the third and fourth 
months, for which Auerbach found the ratios to be 322 and 229, 
and Carvallo, 250. The author’s corresponding figures are as 
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low as 124 and 110. The great excess of male abortions in the 
early months of pregnancy, as found by Auerbach and Carvallo, 
may find its explanation in the fact that in the statistics used by 
them the sex of the foetuses was determined by various individ- 
uals, who had not the necessary specialized knowledge. Early 
in the differentiation of the external genitalia only the expert 
can state the sex with certainty. At this time, and even later, 
the inexperienced, misled by the size of the clitoris as well as by 
other factors, may erroneously determine the foetus as male. 
Fewer errors would be made if only those cases definitely male 
were reported as such, and all the doubtful cases were designated 
as female. Even granted that larger statistics might raise the 
sex-ratio, the latter would never reach thé high figures stated by 
Auerbach and Carvallo and assumed by others. Just as sex- 
ratio of mortality following birth varies according to age, so is it 
found to be true for pregnancy. Nothing is known in regard to 
the sex-ratio during the first two months of pregnancy; however 
that of the third month might be used hypothetically for this 
period. The mortality of male foetuses in the third month, 
which is about one fourth again as large as for females, is fol- 
lowed by a mortality in the fourth to the seventh months which 
is approximately relatively equal, for both sexes. During the 
eighth to tenth month this relation again shows a higher mor- 
tality for the males. The author’s material from the fourth to 
the seventh month shows a sex-ratio of 101.1. However, on 
account of the great variability in the individual months, it is 
quite probable that of the male and female foetuses that survive 
the third month, the number that perish during the following 
period up to the seventh month is relatively, not absolutely, 
equal. 


If one proceeds to make use of the above citations and figures 
in computing the primary sex-ratio, rough and approximately 
average values must first be established. The following appear 
to be most probable: 


For each 100 living born with sex ratio 105.5 
8th-1roth month 4 stillborn “ ” ~: 3200 
4th-7th i 9g abortions “ ” * 106.3 
o 8 63rd ga 14 abortions “ “ “ 125 


127 conceptions “ “ 7 a 
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From this, x or the primary sex-ratio is found to be 108.47. 
The relative number of conceptions was estimated by Rauber to 
be 100 to 76 living born or calculated as above 131.6 to 100 living 
born. This number is somewhat larger than that obtained by 
the author, namely 127. The sex-ratio of conceptions was 
estimated by Bernoulli as 108.2. Slightly higher (108.7) is the 
ratio computed by Jendrassik (’11) from statistics collected by 
Bodio. Both these figures are strikingly similar to that of the 
author, namely 108.47. Lenhossék (’03) estimates the primary 
sex-ratio as 111; Auerbach as 116.4 but the latter believes that it 
would reach at least 125 if corrections were made. 

Even if these approximate averages, which become constant 
only when based upon extensive material, must be accepted 
cum grano salis, it may nevertheless be stated with certainty that 
more males (probably not more than 10 per cent.) are conceived, 
and that at certain periods of pregnancy the relative mortality 
of males exceeds that of females by as much as one fourth. 


DETERMINATION OF AND CHANGES IN THE PRIMARY SEX-RATIO. 


Now arises the question as to what determines this unequal 
distribution of sexes at conception. Its discussion dates back 
into antiquity, Hippocrates and Galen asserting that males 
originated from the right testis or the right ovary, females from 
the left. It has been proved that this theory is untenable; how- 
ever, the idea of the possibility of two distinct varieties of sper- 
matozoa was again revived in more recent times. Wilson (’05) 
distinguishes male-producing and female-producing spermatozoa. 
This might lead to an unequal distribution of sexes at conception. 
Morgan suggests that it may be due to a difference in the rate of 
travel of the two types of sperm, or that a disease process, or a 
factor such as alcoholism, might affect one type to a greater 
degree than the other. Hertwig (’12) attributes sex-determi- 
nation to the ovum or the degree of its maturation, an advanced 
stage of maturation producing males. In this way he attempts 
to explain the difference in sex-ratio according to social class. 
Thury ('63) had proposed the idea that ova which are fertilized 
late may produce more males. Thus he explained the high sex- 
ratio among Jews, who, on religious grounds refrain from inter- 
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course for seven days following menstruation. Lorenz (’98), 
Lenhossék and Orschansky (’03) are of the opinion that sex is 
subject to hereditary influences, inasmuch as they found families 
in which males predominated and those in which females appeared 
in excessive numbers. Newcomb, Woods (’06) and Heron (’06) 
deny this and show that inheritance plays no part in the sex- 
ratio. Numerous authors attribute its variations to the absolute 
and relative ages of the parents. According to Rosenfeld (’00) 
there is a decided preponderance of male children born to young 
and old fathers, as compared with those of middle age. Francke, 
from the statistics of Norway, found this to be true in respect to 
young fathers, but reached an opposite conclusion as regards old 
ones. Dumont (’94) found for Paris a sex-ratio of 101.9 when 
the fathers were from 18 to 25 years; 104.2 when the fathers were 
between 26 and 50 years and 97.5 when the fathers were over 51 
years. According to E. Bidder (’78), the sex-ratio of births by 
mothers under 18 years and over 40 years is especially high. 
Sadler (30) stated that the relative ages of the parents deter- 
mines the sex-ratio; the latter is 86.5 when the father is younger 
than the mother, 94.8 when both are of equal age, and reaches 
163.2 when the father’s age exceeds the mother’s by 16 or more 
years. Kollmann (’90) obtained an opposite result. He there- 
fore draws the conclusion, based upon extensive material, that 
the sex-ratio is high when the father is younger, and low when he 
is older than the mother. At the same time he opposes the view 
that the absolute age of the mother has any influence whatever 
upon the sex-ratio. Stieda, on the basis of his investigations, 
reaches the conclusion that any influence of the absolute ages of 
the parents is out of the question, as he noted the highest sex- 
ratio when the parents were of equal age. Numerous other 
authors have occupied themselves with the question of parental 
age as an influence upon sex-ratio, but only two additional ones 
will be mentioned, Boudin (’62) and Stadler (’78). The con- 
flicting views which have been presented suffice to show that 
nothing definite is known concerning a correlation between the 
age of parents and sex-determination; in fact such a correlation 
is hardly to be expected. Pearl (’08) in a very careful study 
demonstrated that there are more males produced when the 
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parents are of different racial stocks. The well-known assertion 
that sex-ratio rises after wars, has evoked various attempts at 
explanation. The following few examples are given: Ploss (’58, 
’61) ascribes it to malnutrition of the mothers. Berner (’83) 
believes it to be due to the diminished concurrence which follows 
wars and which brings about an increased prosperity. Diising 
sees the cause in the increased sexual demands upon the male, 
which also is said to increase the sex-ratio in polygamy. Ac- 
cording to Newcomb, following the Civil War no increase in 
sex-ratio was observed. In the cases where a difference was con- 
firmed it was so slight! as not to exceed the normal variations as 
shown by Lehr (’89), Carlberg and others, and is to be considered 
as such. Variations of sex-ratio have been determined not only 
for individual years and for groups of years, but also for the 
seasons. According to Goehlert (’89) in autumn and winter 
relatively few conceptions take place, but a higher percentage of 
these are male. 


CHANGES IN THE SECONDARY SEX-RATIO. 


The primary sex-ratio, as shown above, becomes transformed 
by an unequal intrauterine mortality of the two sexes into a 
different secondary sex-ratio. The greater mortality of males 
during certain periods of prenatal life is explained by Carvallo 
as follows: ‘“‘les garcons sont plus fragiles.’” Auerbach also con- 


siders the male foetus less resistant. Grassl (’12) finds an expla- 
nation for the difference in the viability of the germ plasma. 
Jendrassik speaks of hereditary reduction of vitality among the 


excess of males. Rauber explains the greater mortality of males 
by the greater demands of the larger foetuses upon the mother, 
the latter not always being able to meet them; the production of 
a female does not require as much from the mother. Lillie (’17) 
offers the suggestion that the greater mortality among male 
foetuses is a result of disturbance of the equilibrium that protects 
the male from the sex-hormones of the mother. It seems prob- 
able that this is the case, especially in the first part of pregnancy. 

' For example Henneberg’s ('97) statistics show that in Holstein between 1835 


and 1845 the sex-ratio was 105.76, after the period of war from 1846 to 1853 it was 
100.07. 





268 ADOLF H. SCHULTZ. 


The excess of male stillbirths is ascribed by most authors to the 
more difficult labor attendant upon the greater size of the male, 
especially the circumference of the head. In regard to this 
question Dutton ('10) is of the opinion that at the time of birth 
the bones of the male skull are as a rule more firmly ossified than 
those of the female. In this connection he states also that with 
the advance of civilization the pelvic development in women is 
not proportionate to the cephalic development which is taking 
place in infants. This perhaps explains the fact shown by Bluhm 
(12) that the relative number of induced premature births is on 
the increase. That labor in cases of male children more often 
demands artificial aid from the obstetrician is shown by Prinzing, 
according to whom 6.18 per cent. of male births in Wiirttemberg 
called for operative measures, as compared with 4.67 per cent. 
in the births of female children. The process of labor itself is 
the cause of only a small percentage of stillbirths, the majority 
dying before labor sets in.! Therefore, the greater size of the 
male cannot in itself be held responsible for the high sex-ratio of 
stillborn. According to Treichler (’95) 29.6 per cent., and ac- 
cording to Prinzing (’07) 32.6 per cent. of all stillbirths are pre- 
mature, and in the sex-ratio of these size plays but little part. 
Frequently sex-ratio has been studied in relation to the pelvic 


diameters of the, mother. The results are somewhat conflicting. 


Hoffmann ('87), Dohrn (’88) and Orschansky (’94) may be 
mentioned, according to whom the sex-ratio in children of mothers 
with narrow pelves is small; in contrast to this, Linden (’'86) 
states it to be 133 in 360 births in which the mothers had narrow 
pelves. In case the size of the pelvis really has an influence, this 
can be exerted only upon the secondary sex-ratio in the way of 
elimination. In the same manner it seems evident that many of 
the factors which apparently affect the sex-ratio do not change 
it at conception, that is, they do not have any sex-determining 
effect, but by their influence upon intrauterine mortality they 
change only the sex-ratio of births. The well-known fact that 
the secondary sex-ratio among Jews is relatively high is explained 
by Diising on the ground of incest, blood marriages being of 


' According to Ladame ('04) those dying during labor amounted to 36.4 per 
cent. of all the stillbcrn in Switzerland in 1900. 
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frequent occurrence in that race. Schultze ('03), on the other 
hand, has demonstrated that inbreeding has no effect upon sex- 
determination. The relative infrequency of abortions and still- 
births among Jews, as has been shown, for instance, by Auerbach 
for Budapest, explains very simply the fact that the secondary 
sex-ratio among Jews is higher and therefore closer to the primary. 
Punnett (’03) and others have shown that the births among 
classes of lower social status present a lower sex-ratio than those 
of therich. The explanation lies again in the fact that the greater 
frequency of abortions among women of the working classes who 
can spare themselves less during pregnancy and in whom preg- 
nancies occur in more rapid succession! results in a greater reduc- 
tion in the sex-ratio, which was originally equal in the two classes, 
In addition, this greater reduction of the primary sex-ratio in 
the poorer classes is due to the higher percentage of stillbirths; 
according to Conrad in Halle among laborers it was 5 per cent., 


while among upper classes it was only 2.1 per cent.; and according 
to Verrijn Stuart (’01) in Holland, among the poor 3.16 per cent. 


and among the rich 2.50 per cent. of all births. A further ex- 
ample illustrating how the primary sex-ratio was erroneously 
thought to be influenced is shown in its difference between legiti- 
mate and illegitimate children. Heape (’09) states that the 
sex-ratio of legitimate births among the white population of Cuba 
is 109.0, stillbirths included; that of the illegitimate only 105.95; 
there is even a greater difference among negroes, the sex-ratio 
being 97.91 for illegitimate children and 107.73 for legitimate 
ones. Heape immediately draws the conclusion that illegitimate 
unions result more often in the conception of females than do 
legitimate unions. According to Diising the sex-ratio of legiti- 
mate births in Prussia, between the years of 1875 and 1887, was 
106.37, that of illegitimate only 105.54; the stillborn in legitimate 
unions amounted to 3.91 per cent.; in illegitimate 5.32 per cent. 
A corresponding difference was demonstrated by Bertillon (’96) 
in the frequency of legitimate and illegitimate abortions. The 
greater mortality of illegitimate foetuses reduced the sex-ratio 
to a greater degree. The rule that the sex-ratio is greater in 


! According to Diising ('84) the longer the intervals between births, the greater 
is the sex-ratio. 
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legitimate than in illegitimate births is not, however, without 
exception. Srdinko (’07) found that the sex-ratio of legitimate 
births in Austria was lower than that of the illegitimate, and 
explains this by the fact that the illegitimate are for the most 
part Jewish, in which race abortions are less frequent. According 
to a number of authors, the sex-ratio of first born is greater than 
that of subsequent births.' It is especially high in older primi- 
pare, as shown by Ahlfeld (’72 and ’76), Janke (’88) and Bidder 
(’93). Lewis (’06) reports that in Scotland the sex-ratio of first 
born was 105.4 and that of subsequent births 104.8. That this 
at least in part is also due to different intrauterine mortality may 
be supported by the following citations. According to Franz, 
abortions are more than twice as frequent in multipare than in 
primipare. Moreover, the first-born children are appreciably 
smaller than subsequent ones, as demonstrated by Schaetzel 
(’93), a condition which would suggest a lower rate of mortality 
before birth as a result of the relatively fewer demands made 
upon the mother (Rauber). Hansen ('13) states that in Den- 
mark the first-born weigh on an average 3,457 grams; the second- 
born 3,607 grams, third-born 3,698 grams, the difference between 
the first and second being much greater than between the sub- 
sequent ones. Stillbirths, however, according to Duncan and 
Duke ('17) aremore frequent among first-born than among second- 
and third-born, in spite of their smaller size; only in the case of 
children from the sixth pregnancy dies the percentage of still 
born exceed thatof first-born. However,inasmuch as many more 
abortions than stillbirths occur, comparatively little importance 
can be attached to this. 

Besides the above mentioned causes for the variations found 
in sex-ratio, many others have been discussed in the literature. 
Only a few of these factors actually exert any influence upon the 
sex-ratio of conceptions. The changes have all been found in 
the secondary sex-ratio and the probability is great that the fac- 
tors causing them play not a sex-determining but a sex-elimi- 


nating role. This is true chiefly in regard to changes resulting 


from locality, such as rural and urban districts, from age, nutri- 


1A table demonstrating this may be consulted in Newcomb’s article. 





STUDIES IN THE SEX-RATIO‘“IN MAN. 27! 


tion and health! of the mother. To what extent race deter- 
mines the sex-ratio of conceptions cannot as yet be stated; how- 


ever it is not improbable that differences exist in various races. 
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